The familiar reaction that leads to the rejection of tissue homografts has been studied in some detail in a fairly wide range of species and shown to be one of the most consistent and easily reproducible of all immunological responses.' Because the availability of several inbred strains has, until recently, been almost exclusively the prerogative of the mouse, this species has been the principal source of our quantitative knowledge of transplantation immunology, especially that concerned with its genetic aspects. It has been established that there are at least 14 different histocompatibility loci in this species, with multiple alleles at some of them; that the antigens determined by these various loci differ profoundly with respect to their relative strengths, those determined by a single locus, the H-2, exerting a predominating influence; and finally, that some of these loci appear to determine both red cell isoantigens and transplantation antigens.2'3 ro what extent the complexity of transplantation antigen determination in mice is indicative of the situation in other species is almost unknown at present. Because of their greater size, the facility with which they form easily detectable hemagglutinins in response to skin homografts,4a and the fact that isogenic or iso4b hav histogenic strains have been developed,5 rats may prove to be more advantageous than mice for studies on some of the current problems of transplantation immunology, including elucidation of the nature of the antigens responsible and their relationship to hemagglutinogens.3' 6 The purpose of this paper is to present the results of analyses conducted upon two inbred strains of rats of completely unrelated origin, designed (a) to confirm a previous suspicion that a Y-linked histocompatibility factor exists in this speciesO (Part 1) and (b) to obtain an estimate, on the basis of skin-grafting tests, of the number of histocompatibility loci at which these two strains differ (Part 2).
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Materials and Methods.-Rats: The two strains of rats used in this study originated in the Wistar Institute. The Lewis strain, of albino phenotype, now in its 37th generation of brother X sister mating, was initiated in 1945 by Margaret Lewis from animals taken from a closed, heterogeneous population of Wistar rats. The B. N. ("Brown Norway") strain, of chocolate phenotype, originated about 25 years ago from a mutant in Helen Dean King's colony of gray Norway rats, and was maintained as a very small pen-bred colony until 1958 by Paul Aptekmaii. At this time, it was found that skin grafts exchanged between randomly selected individuals from the colony were retained in impeccable condition for at least 100 days by about 30% of the hosts. Accordingly, starting with a brother/sister mating of rats compatible with each other's skin and using skin graft exchanges to select mutually compatible full-sibs from their offspring as parents for succeeding generations, a strain of rats was obtained within three generations that was almost completely uniform with respect to its histocompatibility genes. This was indicated by the acceptance, in cosmetically perfect condition for 100 days, of skin 139 grafts randomly exchanged between animals of similar sex, or from female to male hosts.
At an early stage of this inbreeding, it was observed that many females eventually rejected grafts from male donors, hinting at the existence of a transplantation antigen (or antigens) determined by a locus (or loci) on the unpaired segment of the Y chromosome, similar to that present in mice.7' 8 Confirmatory evidence of the existence of this factor in both rat strains is presented in Part 1 of this paper.
The B. N. parents of the F1 hybrids used in the work to be described were all derived from the F9 or subsequent generations, since, by this stage, all heterozygosity with respect to autosomally determined histocompatibility factors had apparently been eliminated as evidenced by the results of skin-grafting tests.
Operative procedure: The skin-grafting method employed has been described in detail elsewhere.9 The subjects, always young adult (60-80 day-old) rats, were anesthetized with chloral hydrate and grafted with one or two full-thickness disks of donor skin, about 2.5 cm in diameter. The grafts were usually cut from the relatively thin, supple skin of the donor's abdominal region, areas of active hair growth being avoided. Each graft was carefully fitted into a bed of appropriate size, prepared in the skin of the host's lateral thoracic wall.
Appraisal of grafts: Primary inspection of all grafts was made on the ninth post-operative day, and subsequent inspections were carried out daily until the 20th day, after which the grafts were inspected weekly.
There was no difficulty in determining, fairly precisely, the time of complete breakdown of grafts which were destroyed at an early stage as a consequence of acute reactions. However, the determination of the "survival end points" of grafts which regenerated normal hair crops initially and survived in an autograftlike condition for prolonged periods was more difficult. Rejection was normally a chronic process in these cases, frequently taking several weeks for completion. There was progressive loss of fur, usually resulting in complete alopecia, sometimes accompanied by transient ulceration of the graft roof. These grafts eventually became transformed into smooth, very white, scarlike entities as a result of a surreptitious invasive replacement of their cellular elements. The survival end point was arbitrarily taken as the time when the superficial epithelium was so loosely attached that light scratching with the fingernail separated it from the dermis. 9. 10 Part 1. Investigation of the Existence of an Antigenic Determinant on the Y Chromosome.-To study the influence of the sex chromosomes on the fate of isografts in the two rat strains, grafts were exchanged in each of the four possible donor/recipient sex combinations (see Table 1 ). The experiments with the B. N. strain were conducted at two different stages of its inbreeding-at F3-F4 and, subsequently, at F9-Flo. The pooled results are presented in Table 1 .
With the Lewis strain, all the rats accepted their isografts, irrespective of the sex combination employed. However, in the initial tests with the B. N. strain, about 60 per cent of the females rejected male skin grafts as compared with only a few rejections in the other sex combinations tested. This preliminary indication of the existence of a sex-effect was fully confirmed at a later stage in the inbreeding of this strain when about 60 per cent of the females were again found to reject male skin grafts, whereas all the grafts in the other sex combinations were accepted throughout the 100-day observation period. By F9, there were no detectable auto- somally linked histocompatibility factors segregating in the strain. The mean survival time of those B. N. male skin isografts rejected by female hosts was 31.3 days. When parental strain skin was transplanted to F1 hybrids, in each of the various possible sex combinations tested (Table 2) , all grafts were accepted except those from Lewis males to F1 females, of which 27/65 (41%) were rejected. It is clear from the results presented in Table 2 that in the hybrids tested, which of the parental strains provided the male was of no significance. These findings constitute unequivocal evidence that there is a Y-linked histocompatibility factor in the rat which closely resembles that present in the mouse. Furthermore, it appears that in the rat, as in the mouse, the antigen determined by the Y locus is the same in all strains but its penetrance and expressivity are determined by the genotype of the female recipient.11 12 In the rat, this thesis is supported by the demonstration that (1) generation, i.e., they are not linked; and (c) that the antigen determined by each allele is singly sufficient, sooner or later, to bring about the rejection of a graft when present in the latter but absent in its host.
If a population of F2 animals is large enough, it will include, in predictable proportions which depend upon the number of segregating loci controlling histocompatibility differences, individuals whose histocompatibility genes represent all possible combinations of those possessed by the original parental strains. There will be some animals in which the entire complement of histocompatibility genes of one or the other of these strains is fully represented, so that they will be incapable of rejecting grafts from the parental strain concerned. It can be shown that the proportion of such compatible F2 animals is equal to (3/4)', where n is the number of histocompatibility factors present in the donor strain against which animals of the other parental strain are capable of reacting. Although in theory the type of tissue graft employed to test F2 animals should be of no consequence (however, see Linder"3), in practice, skin is the tissue of choice not only on the grounds of technical convenience but also on the grounds of its sensitivity to minor incompatibility reactions. 14 Experimental design: Throughout the experiments to be described, each F2 host received two skin homografts-one from a Lewis donor and one from a B. N. donor, transplanted one above the other on the right side of its chest. To eliminate any risk of biasing the results, the upper graft site received alternately Lewis and B. N. grafts as consecutive F2 litters were tested. Grafts from female donors were used throughout to avoid complication of the results by intervention of the Y factor (see Part 1) .
In view of the fact that homografts which have survived in an autograft-like condition for as long as 100 days are still not necessarily exempt from subsequent destruction by reactions of greatly delayed onset provoked by weak antigenic factors, persistence of test skin homografts in cosmetically perfect condition for 200 days after grafting has been adopted arbitrarily as a criterion of permanent survival.
Because of this decision to extend the observation period to 200 days, the data presented in Tables 1 and 2 concerning the acceptance of skin isografts in both strains or of parental strain grafts on F, hybrids for 100 days have shortcomings as controls for the experiments now to be described. Accordingly, 10 Lewis and 10 B. N. (from F9 and Flo) rats of mixed sexes were selected at random and isografts were exchanged between pairs of similar sex, or transplanted from females to males. The continued well-being of all these grafts throughout a 200-day observation period provided ample testimony of the isogenicity of these two groups of animals with respect to their histocompatibility genes. These animals furnished the parents of the F, hybrids from which the F2 rats were derived.
Results.-1. Homografts from B. N. strain rats to F2 hosts: 329 F2 hybrid rats were satisfactorily grafted with skin from B. N. donors and 323 of them (98.2%) rejected their grafts after intervals ranging from 9-160 days. The six grafts (1.8%) still alive after 200 days, when observations were discontinued, were in excellent condi- tion with normal hair crops. The distribution of individual graft survival times are set out in Table 3 and presented graphically in Fig. 1 .
Homografts from Lewis strain rats to F2 hosts: Technically satisfactory
Lewis grafts were received by 318 F2 hosts, of which 314 (98.7%0) rejected their grafts within 9-150 days (see Table 3 and Fig. 2) . By the 200th post-operative day only three rats (0.94%) still bore surviving grafts, all of which were in excellent condition.
Since x, the proportion of successful grafts, equals (3/4)f, the results of these two tests indicate that (a) 14 independently segregating histocompatibility genes are responsible for the incompatibility of B. N. grafts on Lewis hosts, and (b) that the products of 16 genes are involved in the incompatibility of Lewis skin on B. N. rats. The fact that all the grafts still surviving after 200 days were in perfect condition suggests that these estimates reflect the true state of affairs and that their validity would not be affected had an even more exacting criterion of permanent survival been adopted. With both combinations tested, the maximum frequency of the survival times of skin grafts borne by the F2 hosts occurred at 11 days (see Figs. 1 and 2 However, the data summarized in Tables 3 and 4 By estimating the number of factors which have already revealed their existence, in terms of their ability to procure graft rejection on F2 hosts within certain fixed times after test-operation, some idea may be gained of the number of "major" and "minor" factors (i.e., those that determine strong and weak transplantation antigens respectively'6) responsible for the mutual incompatibility of the two rat strains towards each other's grafts. The estimates presented in Table 4 suggest that of the total of 14-16 loci involved, the products of relatively few-3 or 4-are singly sufficient to elicit homograft rejection within 14 days, and that the majority appear to determine weak antigens of varying potency.
It is interesting to note that as early as 15 days after grafting there is an apparent two-factor difference in the number of loci responsible for the rejection of Lewis and B. N. grafts. The possibility that these are the same two factors which completely failed to express themselves in the estimates based on 200-day acceptance of B. N. grafts seems remote. Nevertheless, this apparent failure of two B. N. loci to reveal themselves by 15 days suggests that some histocompatibility loci may behave as either major or minor determinants, depending on which alleles are represented in a particular donor/host combination.
If the fate of a skin homograft from one parental strain on an F'2 host is completely uninfluenced by the rejection of a test graft from the other strain, as we have assumed, then the proportion of F2 animals rejecting both parental strain grafts within x days should be the product of the observed proportions of B. N. and Lewis grafts rejected by all the F2 animals within this time. The remarkably close agreement between the observed and expected proportions of "double rejector" F2 hosts at 13, 15, and 20 days (see Table 5 ) fully justifies this assumption. Discussion.-The finding that a proportion of female B. N. rats rejected male skin isografts, whereas Lewis females appeared to be completely insensitive to isografts of male origin, is not surprising in the light of what is known about the Y factor in the mouse. In some mouse strains (e.g., in C57BL/6), females almost consistently reject male isografts; in others (e.g., A strain), only about 50 per cent of the females reject male grafts; and other strains are known (e.g., CBA, C3H, and AU) where rejection of male isografts is of very rare occurrence or fails to occur. 8' 17 Hybrid females, however, produced by crossing parents of a strongly reacting strain with those of a weak or nonreacting strain, e.g., C57BL/6 X AU, invariably behave as strong reactors to male parental or hybrid grafts.11 This principle has been shown to apply in the case of our rats.
It is interesting to note that the mean survival times of B. N. male skin isografts rejected by female hosts-31.3 days-and of Lewis male grafts rejected by F1 females-26 days-are similar to the median survival time of male skin isografts on C57BL/6 female mice (27 ± 5 days). 12 Both on the basis of the mouse studies and on the present one, it may be emphasized that the failure to demonstrate an influence of sex on the fate of isografts in both Syrian hamsters10 and guinea pigs18 does not exclude the existence of Y factors in these species.
Attempts have been made to determine whether the Y factors of the mouse and rat are antigenically similar. In some experiments, newborn and very young C57BL/6 female mice were repeatedly injected with fairly large dosages of B. N. male rat spleen or marrow cells, and subsequently challenged with C57BL/6 male isografts to determine whether a state of tolerance of the Y factor had been induced.
In other experiments, adult C57 female mice were injected with suspensions of spleen cells from male rat donors in the hope of demonstrating sensitization in respect to subsequent isografts of male skin. However, so far, no convincing evidence has been forthcoming of any overlap between the antigens determined by the Y loci in these two species. "9 In addition to the 14-16 histocompatibility loci at which B. N. and Lewis rats differ, these strains have been shown to be distinguishable by at least two loci which determine red cell antigens.4
Estimates of the number of histocompatibility loci in other species, based on several different experimental designs, some of which have been applied to noninbred populations, are summarized in Table 6 . The present findings are also included. The relatively few loci established in Syrian hamsters,"°guinea pigs,18 and the teleost, Xiphophorus maculatus,20 may simply reflect the origins of the strains tested. All domestic stocks of hamsters are the progeny of a single male and two female litter mates captured in 1930. The two inbred strains of guinea pig, 2 and 13, originated from a common laboratory population in 1906,21 and the two strains of the teleost, Xiphophorus maculatus, recently tested by Kallman,20 originated from the same sample in 1939. The small number of histocompatibility loci revealed in the chicken by Payne and Jaffe22 may be the combined result of the employment of two inbred lines of the same breed, white Leghorns, and inability of the graftversus-host reaction23 to detect loci that determine weak transplantation antigens. The existence of more loci might well be revealed in these species if stocks of animals of more remote origins could be tested.
Estimates of the number of histocompatibility loci for mice and rats summarized in Table 6 do not include that on the Y chromosome. It should also be noted that mouse strains BALB/c and DBA/2, studied by Prehn and Main,24 are known to be identical at the H-2 locus. It can be seen that the various estimates of the number of loci present in mice24-27 are remarkably consistent. The apparent differences between the two independent estimates given by Krohn and his associates for the A and CBA combinations, based on the employment of skin homografts in the first study'4 and ovarian tissue homografts followed by skin homografts in the second,28 may be explicable in the light of Linder's'3 recent work. This suggests that when only weak histocompatibility factors are involved, grafting of mice with ovarian homografts may, under some circumstances, procure not only the permanent survival of these grafts but also that of subsequent skin homografts of similar origin.
Clearly, in the mouse there are at least 14-17 autosomally linked loci, which is similar to the figure obtained from the tests on the two strains of rats reported here.
The recent report34 that two histocompatibility loci, H-1 and H4, are in the same linkage group in the mouse indicates that the analytical procedures described in this paper almost certainly underestimate the number of histocompatility differences between strains.
Summary.-Using two inbred strains of rats of completely unrelated origins, Lewis and B. N., skin-grafting tests have been carried out to obtain an estimate of the number of histocompatibility loci in this species.
It has been found that about 60% of B. N. female rats eventually rejected male skin isografts, whereas isografts exchanged between B. N. animals of similar sex or grafted from females to males were accepted. This indicates that a weak histocompatibility factor(s) determined by a locus on the Y chromosome is present in this strain. Although this factor failed to express itself in the Lewis strain, experiments utilizing F, (Lewis X B. N.) hybrid hosts revealed its existence in this strain and also showed that antigenically it is exactly the same as the Y factor in B. N. rats.
Large scale tests, involving the determination of the proportions of permanently successful homografts of both B. N. and Lewis skin on F2 hybrid hosts, have shown (a) that 14 independently segregating histocompatibility genes are responsible for the incompatibility of B. N. grafts on Lewis rats and (b) that the products of 16 genes are involved in the incompatibility of Lewis skin on B. N. animals. Of these 14-16 loci, the products of relatively few-3 or 4-behave as strong antigens, being singly sufficient to procure homograft rejection within 14 days.
The present findings are discussed in relation to the results of other studies conducted on different species.
